ABSTRACT
ABSTRACT

Sea buckthorn oil (Hippophae rhamnoides L.) is medically used both externally and internally, but the external application is unsuitable due to its liquid, lipophilic and highly coloured nature. Th ese diffi culties could be overcome by a formulation of semisolid emulsion with sea buckthorn oil. Previous research on this formulation showed that it has higher wound healing potential than sea buckthorn oil, possessing an enhanced structure of liquid crystals, stability and suitability for topical use. Th e aim of this investigation was to completely characterizise a proposed emulsion by testing skin eff ects
. In the past, it was also identified in Serbia near the Danube (3, 4) .
Although different parts of sea buckthorn have been studied (e.g., fruits, leaves), the research on its fruits is the most abundant. The fruits are round and fleshy and are predominantly of an orange colour (4) . The pulp has a mild smell and is oily due to considerable fatty oil content. The fruits are collected from September to late December and are considered a high source of vitamin C and fatty oil, the chemical composition of which depends on harvesting time (5-10).
Medical research on sea buckthorn increased at the end of XX century. Analysis of the chemical content of the fruit pulp and oil revealed a rather unusual combination of sea buckthorn oil constituents -saturated and unsaturated fatty acids (palmitic, palmitoleic, oleic, linoleic, linolenic, myristic, stearic), vitamin A, vitamin E, beta carotene, sterols, etc. (10) (11) (12) . Positive pharmacologic effects of sea buckthorn oil on human health are linked to both external and internal application (7) . When externally applied, tissue-regenerative, anti-inflammatory, anti-oxidant and anti-bacterial effects were observed in wounds, burns, and atopic dermatitis. Topical use of sea buckthorn oil applied to burns stimulates the proliferation of fibroblasts, collagen synthesis, the expression of specific matrix metalloproteinases, and angiogenesis, which has been connected to a high content of unsaturated omega-3 and omega-6 fatty acids, carotenoids and tocopherols in oil (6, 7, 13, 14) .
The sea buckthorn oil used in this investigation was obtained from fruits from spontaneous flora (12) . It was an orange, lipophilic liquidand and was difficult to apply externally in a reproducible manner. A semisolid topical formulation of an emulsion was proposed to overcome obstacles in application (dripping, leaking, and difficult absorption). Previous pharmaceutical and pharmacological research on this formulation showed that it enhances wound healing and possesses the following characteristics -an oil/water type, an acceptable pH value and organoleptic properties for skin application (15, 16) . The aim of this study was to complete previous studies of the proposed formulation by evaluating the following effects on human and animal skin: moisturising potential, change of skin pH after application, and potential to cause skin irritation.
MATERIALS AND METHODS
For the preparation of the test emulsion, we used sea buckthorn oil obtained from plant material ex tempore (4) . The substances, separated as an inner or outer phase based on lipophilic and hydrophilic affinity, were merged together ( Table 1. ). The emulsion was prepared by standard emulsifying techniques, and a sample with 40% sea buckthorn oil was prepared (15, 16) . Standard laboratory equipment was used, including a digital balance (Chyo, MP-3000, Japan), water bath (Sutjeska, Belgrade, Republic of Serbia) and laboratory mixer (Velp, EU). Samples of the emulsion with sea buckthorn oil (SB) were packed in tubes and sealed immediately after the preparation.
Skin moisture and skin pH were tested on 12 healthy women, with an average age of 45.5 years. The samples were applied twice daily for 28 days, after which there was a pause of one week with no application. The last measurement was done on the 35 th day. The volunteers were aware that 3 days before the application of the examined preparation, they should not apply any dermatological or cosmetic products on the place of the application (the inner under-elbow surface of the skin). The volunteers were placed in a room with constant conditions (temperature 22±1 o C, humidity 55±5%) 20 min prior to the testing. The measurements of the skin moisture were done on days 1, 3, 5, 7, 14, 21, 28 and 35 by a CorneometerCM 820 (Courage+Khazaka Elektronic, Germany). Skin pH was measured by a Skin-pH-meter PH900 (Courage+Khazaka Elektronic, Germany) on days 1-9. A 2 mg/cm 2 dose of the sample was applied on the insides of forearms (9 cm 2 ). The Student's t-test (p<0.05) and ANOVA were used to evaluate the statistical significance of the measured differences.
To evaluate the potential of the proposed formulation to cause irritation, an animal model was used. The experiment was conducted on male rabbits, with a body weight of 2.0 -2.5 kg. Rabbits were accommodated, one per cage, under conditions of controlled temperature and lighting, with food and water provided ad libitum. To adapt to the environment, the animals were kept in the cages at room temperature. A circadian regime, light/dark ratio of 12/12, was used during seven days before the experiment. The temperature was 22 -26°C, and the relative humidity was 30 -70%. The food and water provided were standard laboratory food for rabbits (Veterinarski Zavod Subotica, Inner/oily phase: The animals were randomly divided into 3 groups of 3 animals and were treated in the following way: the 1st group was the control group and received saline solution 0.9% NaCl, the 2nd group received only sea buckthorn oil, and the 3rd group received samples of the emulsion containing sea buckthorn oil. Rabbit use is approved for testing skin tolerance and irritation potential during external application (17, 18) .
Before application of the test substance, a dorsolateral skin surface of ~ 20 cm 2 was depilated on both sides. The test substance was applied once daily in the quantity of 5 ml on the prepared area of the skin. After sample application, the depilated area was covered by a sterile cotton cloth and fixed by a non-irritative bandage for 4 h. Skin changes were observed after 2, 24, 48 and 72 h and 7 days after application of the test substance, and intensity was graded according to the Draize test (Table 2 .) (19, 20) .
RESULTS
The test sample of the emulsion containing sea buckthorn oil was semisolid and homogeneous, and it did not cause any allergic reactions or other side effects during the testing.
There was significant change in skin moisture that started on day 3 compared to the baseline value, registered on the first day after sample application, and continued until day 28 inclusive. The highest value for skin moisture was on day 3 (increase of 10.31%). A pause of one week influenced the change in skin moisture, and a 1.64% decrease from the baseline value was noted . The results are shown in Fig. 1 .
External application of the tested emulsion did not significantly change the pH of the healthy skin. The results are shown in Fig. 2 .
The results of the emulsion sample application on rabbit skin are shown in Table 3 . There was no evidence of edema or erythema in any of the 3 animal groups during the experiment. 
DISCUSSION
Sea buckthorn oil has anti-inflammatory and epithelisation stimulating properties (7, 15) . As a lipophilic liquid, sea buckthorn oil can have the main or adjuvant role in the formulation of a semisolid topical emulsion. Previous research on this formulation showed that it's application resulted in better wound healing than sea buckthorn oil, which may be attributed to the structure of the emulsion (liquid crystals) and the synergetic activity of sea buckthorn oil and other ingredients (17) . Testing additional skin effects of the proposed emulsion (skin moisturising effects, pH change on healthy human skin, and potential to cause irritation on rabbit skin) completed the evaluation of the proposed emulsion for external use, because the enhanced structure of the liquid crystals should provide proper skin hydration (21, 22) . Surfactants in emulsion are used for formulation stability but, at the same time, may often cause skin irritation as an undesirable side effect. The modern approach in emulsion formulation is to choose a combination of surfactants not only to achieve a better stabilisation effect, but also to minimise the potential for skin irritation. Surfactants may disturb metabolism of lipids, which are an integrative part of the stratum corneum. Direct contact of surfactants with epidermal layer of keratinocytes may cause inflammation or cytotoxicity due to the release of proinflammatory cytokines or protein denaturation, leadin g to swelling of the stratum corneum and breaking the natural barrier function of the skin (23, 24) . The effects surfactants may present on the skin depend on their type and concentration, as well as on their interactions with other ingredients used in the formulation. A successful formulation should provide both emulsion stability and good skin tolerance (25, 26) . The proposed formulation is well stabilised by liquid crystals and has good skin characteristics (17, 27) . Testing cutaneous effects represents an integral part of the evaluation for topical formulations and completes findings about this formulation. Because the application of the proposed emulsion with sea buckthorn oil did not cause any irritation, it seems that all ingredients used in this formulation are adequate for skin application. Thus, we can conclude that this formulation is suitable for external application.
CONCLUSION
This work completely characterizises information about the proposed formulation studied earlier. There was good skin tolerance of the proposed emulsion on both human and animal skin. It did not significantly change the skin pH and has good moisturising potential for human skin. It did not cause irritation on human or rabbit skin after topical application. This research shows that the quantities and type of components used in the proposed emulsion with sea buckthorn oil are adequate for safe external application.
